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GAS GENERATING COMPOSITION 
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The present invention relates to gas generating 
compositions that are loaded in a gas generating apparatus for 
inflating an airbag or in a pre-tensioner apparatus for 
retracting a seat belt, the airbag and the seat belt being 
mounted on, for example, a vehicle to provide protection for 
passengers of such vehicles. 

Gas generating agents for inflating air bags of the type 
described above have been known that contain as major components 
sodium azide and various oxidizing agents. In recent years, 
however, there is an increasing need for a gas generating 
composition that is free of sodium azide, because of the strong 
toxicity of the compound and the difficulties in handling the 
compound. Also, a gas generating composition is needed that has 
following advantages: improved stability over time and a proper 
burn rate; non-production of carbon monoxide or combustion 
residues; improved handleability and significant gas generation; 
and low cost. To meet these requirements, significant effort has 
been made to develop gas generating agents that contain ammonium 
nitrate as a major component. 

Japanese Unexamined Patent Publication No. 11-92265 
discloses a gas generating composition containing carbon black or 
activated carbon and phase-stabilized ammonium nitrate. This 
composition is advantageous in terms of gas generation and 



combustion efficiencies and has a high burn rate. 

Though the gas generating composition described in the 
above-mentioned publication is designed in consideration of 
various combustion-related properties such as the gas generating 
efficiency and the burn rate, less emphasis has been put on 
stability over time. Thus, the composition is not suitable with 
regard to the stability during storage before it is put to use, 
especially under high temperature conditions. 

"Bfec^esta- re — o f - te hc^rEi *v e i 1 btfr et*** 

The present invention is devised to address the above- 
mentioned problems associated with conventional gas generating 
compositions. Accordingly, it is an objective of the present 
invention to provide a gas generating composition that has 
improved stability over time, especially at higher temperatures, 
has a proper burn rate, produces substantially no carbon monoxide, 
has a proper sensitivity, is easy to handle, and is inexpensive. 

To achieve the above-described objective, the present 
invention provides in one aspect a gas generating composition 
containing ammonium nitrate as an oxidizing agent, 
microcrystalline carbon powder as a reducing agent and a 
stabilizer. The amounts of the ammonium nitrate, the 
microcrystalline carbon, and the stabilizer are from 89 to 99wt%, 
from 1 to 6wt%, and from 0.2 to 6wt%, respectively, with respect 
to the total amount of the ammonium nitrate, the microcrystalline 
carbon and the stabilizer. 

In a preferred embodiment, the gas = generating composition 
contains the microcrystalline carbon powder in an amount of from 
1.5 to 6wt% with respect to the amount of the ammonium nitrate 
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and the stabilizer in an amount of from 10 to 200wt% with respect 
to the amount of the microcrystalline carbon powder. 



In another preferred embodiment of the gas generating 
composition, the ammonium nitrate has an average particle size of 
1 to 1000 Mm, and the microcrystalline carbon has an average 
particle size of 1 to 500 //m and has a specific surface of 5 to 
1600m 2 /g / and the stabilizer has an average particle size of 0.1 
to SOO^m. 



These as well as other features of the present invention 
will become more apparent upon reference to the drawings in 
which: 

Figs. 1(a) to 1(h) are perspective views showing various 
shapes of molded products of a gas generating composition 
according to the present invention; and 

Fig. 2 is a cross-sectional view of a closed type 
combustion test apparatus used for testing of a combustion 
performance of the gas generating agent according to the present 
invention. 



The preferred embodiments of the present invention will now 
be described with reference to the accompanying drawings. 



A gas generating composition (also referred to as a gas 
generating agent, when necessary) includes ammonium nitrate as an 
oxidizing agent, microcrystalline carbon powder as a reducing 
agent, and a stabilizer. The amount of each component is 89 to 
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99wt% for ammonium nitrate, 1 to 6wt% for microcrystalline carbon 
and 0.2 to 6wt% for the stabilizer, with respect to the total 
amount of the ammonium nitrate, the microcrystalline carbon 
powder, and the stabilizer. 

Ammonium nitrate acts as an oxidizing agent and oxidizes 
microcrystalline carbon to produce gaseous nitrogen and carbon 
dioxide upon combustion of the gas generating agent. Preferably, 
the ammonium nitrate is provided in the form of powder in order 
to facilitate mixing with the other components and provide a high 
combustibility. The average particle size of the ammonium 
nitrate powder is 1 to 1000 jim, more preferably 1 to 500 jum in 
regard of mechanical properties and the combustibility of molded 
products formed of the gas producing agent, and even more 
preferably 1 to 200 jum. 

While the average diameter of ammonium nitrate particles 
less than 1/zm makes the manufacturing of ammonium nitrate 
products difficult, the average diameter greater than 1000 p.m 
makes it difficult to mix the ammonium nitrate product with a 
binder, which is required for making the molded products from the 
gas generating agent, so that the mechanical properties of the 
molded products may deteriorate and the burn rate may be 
decreased when the molded products are burned. 

The ammonium nitrate may be phase-stabilized ammonium 
nitrate in which changes in the crystal structure occurring due 
to changes in temperature are reduced. The phase-stabilized 
ammonium nitrate can be obtained in the following manner. First, 
zinc oxide, nickel oxide, copper oxide, potassium bromide, 
potassium nitrate, or potassium perchlorate is added to molten 
ammonium nitrate melted in a melt bath heated to a predetermined 
temperature and the materials are mixed. The mixture is cooled 



in the melt bath while being stirred to form phase-stabilized 
ammonium nitrate. Alternatively, the molten material may be 
sprayed with the help of compressed air supplied from a 
compressor, following the mixing in the melt bath. This also 
results in phase-stabilized ammonium nitrate. 

For compression molded products, when the amount of the 
binder is set to a relatively small amount of 2 to 3wt%, the gas 
generating agent tends to crumble due to changes in the crystal 
structure of ammonium nitrate when subjected to a temperature 
change. Thus, it is desirable to use phase-stabilized ammonium 
nitrate in the production of compression molded products. 

In contrast, in molded products made by extrusion molding 
using about 10wt% of the binder, the surfaces of the ammonium 
nitrate particles are sufficiently covered by the binder so that 
the binder compensates for the changes in the crystal structure 
of ammonium nitrate that occur due to temperature changes, which 
prevents the gas generating agent from crumbling. 

Accordingly, when it is desired to make molded products 
from the gas generating agent by extrusion molding, ordinary 
ammonium nitrate is preferably used rather than phase-stabilized 
ammonium nitrate. This allows the use of simpler gas generator 
filters and thus makes it possible to reduce the size of the gas 
generator. Further, generation of combustion residue is 
prevented. 

Ammonium nitrate is known to have a significant hygroscopic 
property. In order to reduce the hygroscopic property, ammonium 
nitrate particles with coated surfaces are preferably used. 

The coated ammonium nitrate particles are prepared in the 



following manner. First, an organic solvent and a coating agent 
are placed in a container and are heated to a temperature between 
70° C and 80° C to dissolve the coating agent in the solvent. 
Ammonium nitrate is then added to the dissolved coating agent in 
5 the container, and the mixture is stirred until the temperature 

of the mixture is decreased to the ambient temperature. This 
results in ammonium nitrate particles with coated surfaces. 

The coating agent may be any material that can prevent the 
10 ammonium nitrate particles from absorbing moisture when applied 

to the surfaces of the ammonium nitrate particles. For example, 
5 poly-glycol polymers such as polyethylene glycol, polyvinyl 

CO polymers and paraffin wax may be used. Of these, polyethylene 

U ii 

fff glycol is most preferred in view of its high ability as a coating 

'jib agent to keep the ammonium nitrate from absorbing moisture. 
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Considering the hygroscopic property of polyethylene glycol, 



Afji polyethylene glycol with molecular weights of from 6000 to 20000 



U§ is still more preferred. Application of such coatings can 

H20 prevent moisture absorption by the ammonium nitrate and thus 

facilitate handling of the ammonium nitrate. Furthermore, the 
coated ammonium nitrate has improved compatibility with binders 
that contributes to the mechanical properties of the molded 
products . 

25 

The content of ammonium nitrate is preferably 89wt% to 
99wt%, more preferably 91wt% to 98wt% in view of the amount of 
gases generated by the gas generating composition and to 
substantially prevent the generation of carbon monoxide in the 
30 resultant gases, and still more preferably 93wt% to 98wt%, with 

respect to the total amount of the ammonium nitrate, the 
microcrystalline carbon powder, and the stabilizer. 
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When the amount of ammonium nitrate is less than 89wt%, the 
amount of gases generated during combustion of the gas generating 
composition is decreased and carbon monoxide is produced. When 
the amount is greater than 99wt%, the burn rate may be decreased 
and it may be difficult to sustain burning at lower pressures. 

As used herein, a condition in which the generation of 
carbon monoxide is substantially prevented refers to the 
condition in which the concentration of carbon monoxide in the 
generated gas is 5000ppm or less. 

Next, microcrystalline carbon powder is described. 
Microcrystalline carbon powder is similar to graphite in its two- 
dimensional structure. In a first form of the microcrystalline 
carbon powder, carbon atoms are arranged at the corners of 
hexagons and are interconnected with each other to form a planar 
network structure. A plurality of such planar networks are 
arranged in parallel to one another in a layered fashion with 
each network equally spaced apart from adjacent networks. 
However, the carbon atoms in each planar network, or layer, are 
not completely aligned from one plane to the next in the 
direction perpendicular to the planar network or layer. In 
comparison, in a second form of the microcrystalline carbon 
powder, some of the carbon atoms at the corners of hexagons may 
be linked to adjacent carbon atoms in a random manner. This can 
cause distortion in the surface of the graphite layer. In either 
form, microcrystalline carbon powder can be considered as an 
aggregation of graphite-based microcrystallines that lacks 
structural integrity . 

The microcrystalline carbon powder plays a role in the gas 
generating agent by acting as a reducing agent that reacts with 
an oxidizing agent, i.e., ammonium nitrate, to produce gaseous 



nitrogen, carbon dioxide, or water (water vapor) . The 
microcrystalline carbon powder may include, but are not limited 
to, activated carbon, coke, animal charcoal, bone black, 
acetylene black, or carbon black. Of these, activated carbon is 
particularly preferred for the purpose of improving the 
combustibility of the gas generating agent . 

While preferred starting materials for the production of 
activated carbon may include, but are not limited to, coconut 
shells, coal, and charcoal, activated carbon made from coconut 
shells is particularly preferred because of its small pore size. 

A preferred activation method for producing activated 
carbon may be a gas activation in which gases such as water vapor, 
carbon dioxide, and air are used, or a chemical activation in 
which chemical agents such as zinc chloride and calcium chloride 
are used. While both of these methods may preferably be used, 
the gas activation is particularly preferred for the production 
of activated carbon since small pore size can be achieved in this 
approach . 

The average particle size of the microcrystalline carbon 
powder is preferably from 0.1 to 500 ixm, more preferably from 1 to 
100 //m in terms of mechanical properties and the combustibility of 
the molded products of the gas generating composition, and even 
more preferably from 3 to 50 //m. An average particle sizes 
greater than 500 /xm may reduce the burn rate of the molded 
products while an average particle size less than 0.1 Mm may make 
it difficult to manufacture the products. 

The specific surface of the microcrystalline carbon powder 
is preferably from 5 to 1600m 2 /g, more preferably from 10 to 
1500m 2 /g in view of mechanical properties and the combustibility 
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of the molded products of the gas generating composition, and 
even more preferably from 50 to 1300m 2 /g. Specific surfaces 
greater than 1600m 2 /g may make the manufacturing of the 
microcrystalline carbon powder difficult while specific surfaces 
5 less than 5m 2 /g may reduce the burn rate of the molded products of 

the gas generating composition. 

The amount of the microcrystalline carbon powder in the gas 
generating composition is preferably from 1 to 6wt%, more 

10 preferably from 1 to 5wt% for improving the combustibility of the 

products while substantially preventing the generation of carbon 

3 monoxide in the resulting gas, and still more preferably 1.5 to 



yj 5wt% with respect to the total amount of the ammonium nitrate, 

Ifl 

ff$ the microcrystalline carbon powder and the stabilizer. Amounts 

^15 less than lwt% may decrease the burn rate of the gas generating 

yj composition and make it difficult to sustain burning at lower 

L, pressures while amounts greater than 6wt% may lead to generation 

^1 of carbon monoxide upon combustion of the gas generating products. 

ry 

Q 

,"20 The amount of the microcrystalline carbon powder is 

preferably 1.5 to 6wt%, more preferably from 1.5 to 5.5wt% for 
improving the combustibility of the products while substantially 
preventing the generation of carbon monoxide, and still more 
preferably from 1.5 to 5wt% with respect to the amount of 
25 ammonium nitrate. Amounts less than 1.5wt% may reduce the burn 

rate of the products and make it difficult to sustain burning at 
lower pressures while amounts greater than 6wt% may lead to 
generation of carbon monoxide upon combustion of the gas 
generating composition. 
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Next, the stabilizers are described. The stabilizers act 
to enhance the stability of the gas generating agent made from 
ammonium nitrate and microcrystalline carbon powder over time, 
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especially the stability over time at higher temperatures. 

The stabilizers may include diphenyl urea, methyldiphenyl 
urea, ethyldiphenyl urea, diethyldiphenyl urea, dimethyldiphenyl 
urea, methylethyldiphenyl urea, diphenylamine, 2- 
nitrodiphenylamine, diphenyl urethane, ethylphenyl urethane, 
methylphenyl urethane, or resorcinol. Among these stabilizers, 
at least one selected from diphenylamine, resorcinol and 
diethyldiphenyl urea is preferred in view of the ability to 
prevent decomposition of ammonium nitrate. Of these, 
diphenylamine is most preferred, and resorcinol is secondly 
preferred, and diethyldiphenyl urea is thirdly preferred. 

The average particle size of the stabilizer is preferably 
from 0.1 to 500 //m, more preferably from 1 to 100 Mm in view of 
enhancing the stability of the gas generating agent over time, 
and still more preferably from 1 to 50 /xm. Stabilizers with the 
average particle size of 500 ^m or larger may not exhibit the 
desired effect of enhancing the stability of the gas generating 
agents over time. Average particle sizes less than 0.1 jum may 
make the manufacturing of the gas generating agent difficult. 

The amount of the stabilizer is preferably from 0.2 to 6wt%, 
more preferably from 0.2 to 4wt% in view of improving the 
stability of the gas generating agents over time while 
substantially preventing generation of carbon monoxide upon 
combustion of the gas generating agents, and still more 
preferably from 0.2 to 3wt% with respect to the total amount of 
the ammonium nitrate, the microcrystalline carbon powder, and the 
stabilizer. The stabilizer contained in an amount less than 
0.2wt% may not exhibit the desired effect of improving the 
stability of the gas generating agents over time. Amounts 
greater than 6wt% may reduce the burn rate of the gas generating 
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agents and lead to generation of carbon monoxide upon combustion. 

The amount of the stabilizer is preferably from 10 to 
200wt%, and more preferably from 30 to 100wt% for enhancing the 
stability of the gas generating agents ovier time while 
substantially preventing generation of carbon monoxide upon 
combustion of the gas generating agent, and still more preferably 
from 4 0 to 60wt% with respect to the amount of microcrystalline 
carbon powder. The stabilizer contained in an amount less than 
10wt% may not exhibit the desired effect of improving the 
stability of the gas generating agent over time. Amounts of the 
stabilizer greater than 200wt% may reduce the burn rate of the 
gas generating products and lead to generation of carbon monoxide 
upon combustion of the gas generating agents. 

A high-energy compound may be added to the gas generating 
agents in order to further increasing the burn rate of the gas 
generating agents. Such high-energy compounds include 
RDX (trimethylene trinitroamine) , HMX (tetramethylene 
tetranitroamine) , PETN (pentaerythritol tetranitrate) , TAGN 
(triaminoguanidinenitrate) , and HN (hydrazine nitrate). Of these, 
RDX is most preferred considering reactivity with ammonium 
nitrate that acts as an oxidizing agent. 

Average particle size of the high-energy compound is 
preferably from 1 to 500 /zm, more preferably 1 to 100 //m in view 
of mechanical properties and the combustibility of the molded 
products of the gas generating agents, and still more preferably 
from 1 to 30 mhi. 

Average particle sizes less than l/^m often make the 
manufacturing of the high-energy compounds difficult while 
average particle sizes greater than 500 /im may result in 



insufficient mixing of the high-energy compounds with a binder, 
so that the mechanical properties of the molded products may 
deteriorate and the desired effect of increasing the burn rate 
may not be obtained. 

The amount of the high-energy compound in the gas 
generating composition is preferably 15wt% or less, more 
preferably from 1 to 10wt% for facilitating handling of the gas 
generating agent and enhancing the combustibility while 
substantially preventing the generation of carbon monoxide during 
the combustion of the gas generating agent, and still more 
preferably from 1 to 5wt%. Amounts of the high-energy compound 
greater than 15wt% may make the gas generating composition 
susceptible to mechanical impacts, thus making the products less 
handleable. 

In manufacturing molded products, a binder may be 
preferably added to the gas generating composition to make the 
gas generating agent into granules (granularation) . The binders 
include cellulose acetate, cellulose butylate, polyesters, 
polyethers, polyurethanes, nitrocellulose, poly (vinyl alcohol), 
glycidyl azide polymers, thermoplastic elastomers, and thermoset 
elastomers. A mixture of these binders may also be used. 

The amount of the binder in the gas generating composition 
is preferably 25wt% or less, more preferably from 6 to 20wt% for 
improving mechanical properties and the combustibility of the 
molded products of the gas generating agents while substantially 
preventing generation of carbon monoxide during the combustion of 
the gas generating agent, and still more preferably from 8 to 
15wt%. When the binder is contained in an amount greater than 
25wt%, though the mechanical properties of the molded products of 
the gas generating agents are improved, proportion of the other 



components in the gas generating composition is decreased, 
resulting in a reduced combustibility, generation of carbon 
monoxide upon combustion of the gas generating agent, and a 
decreased burn rate. 

5 

A plasticizer may preferably be added to the gas generating 
agent in order to give plasticity to the gas generating agent and 
enhance moldability. The plasticizer may be any compound that 
has a good compatibility with the binder. In particular, the 
10 plasticizers include diester phthalate-based plasticizers such as 

dibutyl phthalate, dimethyl phthalate, and diethyl phthalate; 
£3 fatty acid ester-based plasticizers such as phosphoric esters, 

gg triacetin, acetyltriethyl citrate; nitro-based plasticizers such 

m 

gyj" as trimethylol ethane trinitrate, diethylene glycol dinitrate, 

5^.5 triethylene glycol dinitrate, nitroglycerin, bis-2,2- 

dinitropropylacetal/formal; and glycidyl azide plasticizers. 

b 

U1 The amount of the plasticizer in the gas generating 

ru 

U! composition is preferably 5wt% or less, more preferably from 0.1 

r20 to 4wt% for substantially preventing generation of carbon 

monoxide upon combustion of the gas generating agents, and still 

more preferably 0.1 to 3wt%. 

When the added amount of the plasticizer is greater than 
25 5wt%, while the effects of the plasticizer are significant, 

proportion of the other components in the gas generating 
composition is decreased, resulting in a reduced combustibility, 
and generation of carbon monoxide upon combustion of the gas 
generating agent. 
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Next, methods for manufacturing molded products from the 
gas generating agents by means of extrusion molding using organic 
solvents are described. 
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First, ammonium nitrate, microcrystalline carbon powder, 
the stabilizer, and optionally, the high-energy compound, the 
binder, and the plasticizer are weighed to provide predetermined 
amounts of each component. 

Organic solvents used in extrusion molding may be any 
organic solvent that can completely dissolve the binder. In 
particular, the organic solvents include acetone, ethyl alcohol, 
ethyl acetate, and mixtures thereof. For example, the ratio of 
acetone to ethyl alcohol in the mixture of the two is preferably 
from 90:10 to 20:80 (acetone: ethyl alcohol) by weight. More 
preferably, the ratio of acetone to ethyl alcohol is from 80:20 
to 40:60wt% (acetone: ethyl alcohol) by weight in terms of the 
moldability of the gas generating composition, since the solvent 
evaporates so quickly that the manufacturing of the molded 
products of the gas generating agent may be difficult in case of 
100% acetone whereas the solvent cannot completely dissolve the 
binder in case of 100% ethyl alcohol. 

All of the materials are then placed in a kneader. The 
organic solvent is then added to form a homogenous mixture. The 
thoroughly mixed mixture is loaded in an extruder and a 
predetermined pressure is applied to extrude the mixture through 
a die. Thus, a molded product of the gas generating composition 
having a predetermined shape and size is obtained. 

A molded product 1 of the gas generating agents may be 
shaped as a solid cylindrical body 2 as shown in Fig. 1(a), a 
cylindrical body 2 as shown in Fig. 1(b) having a longitudinal 
bore 3 extending therethrough, a cylindrical body 2 having seven 
through bores 3 as shown in Fig. 1(c), or a cylindrical body 2 
having nineteen through bores 3 as shown in Fig. 1(d). Further, 



the molded product 1 may be shaped as a varied shape body 4 
having seven through bores 3 as shown in Fig. 1(e), a varied 
shape body 4 having nineteen through bores 3 as shown in Fig. 
1(f), a hexagonal body 5 having seven through bores 3 as shown in 
Fig. 1(g), and a hexagonal body 5 having nineteen through bores 3 
as shown in Fig. 1(h). 

In the molded products 1 of the gas generating agent shown 
in Figs. 1(c) through 1(h), a line that passes through centers of 
the outermost through bores 3 describes a regular hexagon, and a 
line that passes through centers of three through bores that are 
adjacent to one another describes a regular triangle for all sets 
of the three triangles. In other words, the through bores 3 are 
equally spaced apart. 

While the shape and size of the molded product 1 of the gas 
generating agent may vary considerably depending on intended 
applications, it generally has an outer diameter of about 0.5mm 
to 50mm and a length (which is referred to as an agent length, 
hereinafter) of about 0.5mm to 50mm. For example, a cylindrical 
body 2 as shown in Fig. 1(b), which has an outer diameter of 
0.5mm to 5mm and an agent length of 0.5mm to 5mm and through 
which a bore having an inner diameter of 0.1mm to 4mm extends, 
may be used as a gas generating agent for use in pre-tensioners, 
which are required to activate and burn out very quickly, in 
particular, within 5 to 20ms, upon collision of a vehicle. 

The pre-tensioner device herein refers to a device that is 
mounted on a seat belt of a vehicle and in which the gas 
generating agent is ignited and burnt upon collision of the 
vehicle, and the resultant pressure causes the seat belt to 
retract to keep the body of a passenger from being thrown forward. 



In view of the moldability and the gas generating rate of 
the gas generating agent, the molded product 1 of the gas 
generating agent preferably has a dimension with an outer 
diameter of 0.5 to 2mm, an inner diameter of the through bore of 
0.2 to 1mm, and an agent length of 0.5 to 2mm. Molding a product 
having a thickness of 0.1mm or less as measured from the outer 
surface of the molded body to the inner surface of the bore, or 
having a length of less than 0.5mm, may be difficult. Also, the 
rate at which the gas generating agent generates gas may be 
decreased and the performance of the gas generating agent may not 
be fully exploited when the thickness is greater than 1mm, or 
when the length is greater than 5mm. 

For example, the molded product 1 of the gas generating 
agent for use with airbags, which are required to burn out at a 
rate that does not exceed that of the gas generating agent for 
pre-tentioners, in particular at a rate of 25 to 55ms, may be 
those shown in Figs. 1(c) through 1 (h) having a dimension with 
an outer diameter of about 5 to 4 0mm, an inner diameter of the 
bore of about 1 to 10mm and an agent length of about 5 to 40mm, 
or it may be that shown in Fig. 1(b) having a dimension with an 
outer diameter of about 3 to 10mm, an inner diameter of the bore 
of about 1 to 8mm and an agent length of about 2 to 10mm. 
However, when the thickness is greater than 3mm, the rate at 
which the gas generating agent generates gas decreases and the 
performance of the gas generating agent may not be fully 
exploited. 

It is preferred to remove organic solvents including 
acetone, ethanol, or ethyl acetate, from the gas generating agent 
as much as possible since these organic solvents, when present in 
the gas generating agent in a significant amount, may lead to an 
insufficient combustion performance. In general, the amounts of 



organic solvents and water in the gas generating agent after 
drying are preferably 0.5wt% or less and 1.0wt% or less, 
respectively , more preferably 0.3wt% or less and 0 . 5wt% or less, 
respectively, in view of the handleability after molding, and 
still more preferably 0.1wt% or less and 0.2wt% or less, 
respectively. Amounts of the organic solvents greater than 
0.5wt%, or amounts of water greater than 1.0wt% may cause the gas 
generating rate and the mechanical properties of the gas 
generating agent to deteriorate. 

When a vehicle, such as an automobile, collides at a high 
speed, an igniting agent placed in the gas generating apparatus 
is ignited by an electrical or mechanical means when the impact 
is sensed, and the resulting flame ignites the gas generating 
agent to initiate burning. When the gas generating agent burns, 
ammonium nitrate reacts with the microcrystalline carbon powder 
to generate gaseous nitrogen (N 2 ) and carbon dioxide (C0 2 ) 
principally. As a result, the airbag is deployed. 

The burn rate of the gas generating agent is from about 1 
to 500mm/sec. Burning rates less than lmm/sec are not desirable 
since the pressure in the airbag builds up too slowly. When the 
burn rate is greater than 500mm/sec, the pressure in the airbag 
builds up too rapidly. This may cause problems such as bursting 
of the airbag, and the performance of the gas generating agent 
may not be fully employed. 

The gas generating agent is stored in a gas generator 
mounted on vehicles for a prolonged period of time until the gas 
generator is activated. Accordingly, the gas generating agent 
may be subjected to high temperatures when the temperature within 
the vehicle rises. While ammonium nitrate in the gas generating 
agent is relatively less susceptible to decomposition at high 



temperatures, the presence of the microcrystalline carbon powder 
may accelerate the decomposition of ammonium nitrate. 

Although underlying mechanisms of the decomposition of 
ammonium nitrate have not been fully understood, it is believed 
that the products resulting from the decomposition of ammonium 
nitrate itself (i.e., N0 X such as N0 2 ) attack the intact ammonium 
nitrate to cause it to decompose. This reaction, known as 
autocatalysis, is thought to facilitate the decomposition of 
ammonium nitrate. Further, the decomposition products are 
absorbed onto the surfaces of the microcrystalline carbon powder, 
in particular, activated carbon, and facilitate oxidation of the 
activated carbon. As a result, heat is generated and temperature 
increased. This further accelerates the decomposition of 
ammonium nitrate. 

However, the stabilizer contained in the gas generating 
agent captures the decomposition products of ammonium nitrate and 
disrupts the autocatalysis by the decomposition products. This 
suppresses the decomposition of ammonium nitrate. Specifically, 
the decomposed products are captured by benzene rings that are 
bound to heterogeneous atoms in stabilizers such as phenylamine 
or resorcinol. 

Accordingly, decomposition of ammonium nitrate may be 
suppressed, enhancing the stability of the gas generating agent 
over time. Also, heat generation due to the absorption of the 
decomposition products onto the microcrystalline carbon powder 
can be reduced so that the decomposition of ammonium nitrate due 
to an increased temperature is suppressed. Consequently, the 
stability of the gas generating agent can be maintained over time. 

Desired effects obtainable from the above-described 
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embodiments are described in the following . 



* The gas generating composition as described in the above 
embodiments has an excellent stability over time, especially 
5 under a high temperature condition in which the agent is left for 

4 00 hours at 107° C, for example, since the stabilizer captures 
the decomposition products of ammonium nitrate and thereby 
suppresses the decomposition of ammonium nitrate. 

10 * The present gas generating composition, which contains 

ammonium nitrate as well as microcrystalline carbon powder and 

O the stabilizer in proper amounts, achieves appropriate burn rates. 

yy 

CO 
iff 

"fj * The present gas generating composition, which contains 

CP 

S3.5 ammonium nitrate, microcrystalline carbon powder, and the 

J stabilizer in proportions that can provide a proper oxygen 

^ balance, produces substantially no carbon monoxide during the 

LFjj combustion of the gas generating composition . 

M 

m 

C|0 * The present gas generating composition, which consists 

essentially of ammonium nitrate, microcrystalline carbon powder 
and the stabilizer, does not contain any component that 
excessively increases its sensitivity so that it has a proper 
sensitivity and handling of the composition is easy. 
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The present gas generating composition, which consists of 
inexpensive ammonium nitrate in most part and contains small 
amounts of microcrystalline carbon powder and the stabilizer, can 
be manufactured in a less costly manner. 

* The present gas generating composition, which contains 
ammonium nitrate, microcrystalline carbon powder and the 
stabilizer in predetermined proportions, has an enhanced 
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stability over time, especially at higher temperatures. It can 
also provide various properties such as proper burn rates, 
substantially no production of carbon monoxide, readiness in 
handling the agent owing to the proper sensitivity, and a 
reduction in the production cost, in a well-balanced manner. 

* The present gas generating composition, in which the 
amount of microcrystalline carbon powder is set to an amount of 
1.5 to 6wt% with respect to the total amount of the ammonium 
nitrate and the amount of the stabilizer is set to an amount of 
10 to 200wt% with respect to the total amount of microcrystalline 
carbon powder, exhibits the activities of both microcrystalline 
carbon powder and the stabilizer in a synergetic manner. 
Accordingly, not only are the stability and the burn rate of the 
gas generating agent further increased but also a further 
suppression of the generation of carbon monoxide is achieved. 

* The present gas generating composition, in which the 
average particle sizes of the ammonium nitrate, the 
microcrystalline carbon powder, and the stabilizer are set to a 
size from 1 to 1000 /im, from 1 to 500 /zm, and from 0.1 to 500 Atm, 
respectively, and the specific surface of microcrystalline carbon 
powder is set to a value of 5 to 1600m 2 /g, facilitates the 
manufacturing of the molded products of the gas generating agent 
and enhances mechanical properties of the molded products. 

EXAMPLES 

The gas generating composition as described in the above 
embodiments will now be described in further detail by examples 
and comparative examples presented below. 



(Example 1) 

Ammonium nitrate particle with the average diameter of 15 11 
m, activated carbon with a specific surface of about 950m 2 /g, and 
diphenylamine particle with the average diameter of 20^m were 
mixed so that the amounts of each component are 93.2wt%, 4.5wt%, 
and 2.3wt%, respectively. The mixture was formed into 
cylindrically molded products with a diameter of 7mm and an agent 
length of 3.5mm, using a rotary tablet machine. Using such a so 
produced gas generating composition, the concentration of carbon 
monoxide in the resultant gas generated during combustion of the 
composition and the burn rate of the composition was determined 
by a closed type combustion test apparatus as shown in Fig. 2. 

Further, the gas generating composition was tested for 
stability over time at 107° C for 400 hours. The weight after the 
stability test was measured to determine a percent decrease by 
weight. Further, using the gas generating composition after the 
stability test, the concentration of carbon monoxide in the gas 
generated during combustion of the composition and the burn rate 
of the composition were determined by the closed type combustion 
test apparatus. The results are shown in Table. 1. 

(Methods for measuring carbon monoxide concentration and burn 
rate . ) 

First, the closed type combustion test apparatus is 
described. As shown in Fig. 2, the apparatus includes a bomb 
body 6 in which a combustion chamber 7 having a predetermined 
volume is defined. The molded products 1 of the gas generating 
agent are loaded in the combustion chamber 7 . Plugged into the 
bomb body 6 from the left side thereof as shown in Fig. 2 is a 
plug 8, which is removeably attached to the bomb body 6 by means 
of a bolt 9. An igniter 11 is also connected to the left end of 
the bomb body 6 via a connection line 10. 



Attached to the plug 8 on an inner end surface thereof 
within the combustion chamber 7 are a pair of electrodes 12, of 
which the upper electrode 12 in Fig. 12 is connected to the 
5 connection line 10 and the lower electrode 12 is connected to the 

bomb body 6. A fusehead 13 is attached to the electrodes 12 via 
respective connection lines. The igniter 11 is triggered to 
ignite the fusehead 13 via the connection line 10 and the 
electrodes 12. This in turn ignites and burns the molded 
10 products 1 of the gas generating agent in the combustion chamber 

7. 



I fir 



Provided on a side wall of the bomb body 6 is a ventilation 
valve 14 which communicates with the combustion chamber 7 via a 



m.5 sampling passage 15. The ventilation valve 14 is designed to 

Jp 

%Q allow sampling of the gas in the combustion chamber 7 for 

g evaluation of the combustion characteristics of the gas. 

Hi 
ry 

Arranged on the right-side end of the bomb body 6 is a 

Hi 

7^0 pressure converter 16 which communicates with the combustion 

!"»' 

chamber 7 via a communication passage 17. The pressure converter 
16 allows the determination of the relationship between the 
length of time required for the sample to burn out and the 
combustion pressure. 

25 

The molded products 1 of the gas generating agent are 
loaded in the combustion chamber 7 while the plug 8 is removed so 
that the specific gravity of the loaded products is O.lg/ml. The 
plug 8 is then plugged in and the molded products 1 of the gas 
30 generating agent in the combustion chamber 7 are ignited by the 

igniter 11. After the molded products 1 of the gas generating 
agent have burned out, the resultant gas is collected from the 
ventilation valve 14. The concentration of carbon monoxide in 
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the collected gas is determined by a gas chromatography. 

The relationship between the length of time required for 
the molded products 1 of the gas generating agent to burn out and 
5 the combustion pressure was measured by a oscilloscope via the 

pressure converter 16 to determine the burn rate at a combustion 
pressure of 20.6 MPa. 

(Methods of heat-aging test at elevated temperatures.) 
10 The gas generating composition was weighed and placed in a 

sample bottle. The bottle was then placed in an incubator 
Q conditioned to a temperature of 107° C and was left for 400 hours. 

03 After the incubation period, the gas generating composition was 



taken out of the incubator and weighed. 



m 

CP 
•Ef 5 

fcja (Methods for evaluating heat-aging test at elevated 

L. temperatures.) 

U1 In this test, the gas generating composition is evaluated 

to see if a predetermined requirement is met. The requirement is 



F=s i0 that the composition is not decomposed and the decrease in weight 

is 5% or less after being left for 400 hours in an atmosphere at 
107° C. 



(Examples 2 through 11) 
25 Gas generating agents having different compositions as 

shown in Tables 1 and 2 were prepared in the same manner as in 
Example 1. Characteristics of each composition were evaluated in 
the same manner as in Example. 1. The results are shown in Tables 
1 and 2. 
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Table 1 



Q 



# Example 


Composition 
(wt%) 


Stability before heat- 
aging test 


Stability after heat-aging test 


CO cone, in 
the 

resultant 
gas (ppm) 


Burn rate 
(mm/ sec) 


CO cone, 
in the 
resultant 
gas (ppm) 


Burn rate 
(mm/ sec) 


decrease 
in weight 
(%) 


1 


ammonium nitrate 
93.2 

activated carbon 
4.5 

d ipheny 1 amine 
2.3 


0 


23.5 


0 


21.2 


0.8 


2 


ammonium nitrate 
93.2 

activated carbon 
4.5 

resorcinol 2 . 3 


0 


22. 9 


0 


20.2 


1.2 


3 


ammonium nitrate 
93.2 

activated carbon 
4.5 

diethyldiphenyl 
urea 2 . 3 


0 


24.4 


0 


21.6 


1.9 


4 


ammonium nitrate 
93.0 

activated carbon 
2.0 

diphenylamine 
5.0 


1700 


15. 8 


1800 


14 . 8 


0.3 


5 


ammonium nitrate 
93.2 

carbon black 4 . 5 

diphenylamine 

2.3 


0 


18.3 


0 


16.1 


0.4 


6 


ammonium nitrate 
93.0 

carbon black 2 . 0 

diphenylamine 

5.0 


1700 


12.1 


1800 


11.0 


0.2 


7 


ammonium nitrate 
98.0 

activated carbon 
1.3 

dipheny 1 amine 
0.7 


0 


12.5 


0 


12.4 


0.5 


8 


ammonium nitrate 
93.0 

activated carbon 
5.7 

diphenylamine 
1.3 


2000 


23.0 


2700 


19.4 


1.2 


9 


ammonium nitrate 
95.1 

activated carbon 
4.5 

diphenylamine 
0.4 


0 


22.1 


2900 


18.9 


3.6 
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(Example 12) 

89.3wt% of ammonium nitrate having an average diameter of 
15 Mm, 1.8wt% of activated carbon having a specific surface of 
about 950m 2 /g / 0. 9wt% of diphenylamine, and 8.0wt% of cellulose 
acetate were mixed to obtain a mixture. The mixture was added 
50wt% of ethyl acetate and thoroughly mixed with a Werner kneader. 
The Werner kneader is equipment that performs mixing and stirring 
by means of stirring blades attached to a rotary shaft extending 
horizontally. 

The resulting mixture was then loaded in an extruder. The 
extruder is equipped with a 3.5mm die and a 2.2mm pin so that, 
when a pressure is applied to the mixture, it is extruded through 
the die and is shaped into a molded product of the gas generating 
agent having a bore extending therethrough. The molded product 
was cut into 4.0mm lengths which were then dried to give granules 
of the gas generating composition. 

The granular gas generating composition so obtained was 
evaluated in the same manner as in Example 1. The results are 
shown in Table 2 below. 

(Examples 13 through 15) 

Gas generating agents having different compositions as 
shown in Table 2 were prepared in the same manner as in Example 
13. Characteristics of each composition were evaluated as in 
Example 13. The results are shown in Table 2. 



Table 2 



t3 

m 



# Example 


Composition 
(wt%) 


Stability before heat- 
aging test 


Stability after heat-aging test 


CO cone, in 
the 

resultant 
gas (ppm) 


Burn rate 
(mm/ sec) 


CO cone, 
in the 
resultant 
gas (ppn) 


Burn rate 
(ram/ sec) 


decrease 
in weight 
(%) 


10 


ammonium nitrate 
88.9 

activated carbon 
4.0 

RDX 5.0 

d iphenyl amine 

2.1 


0 


27.8 


0 


25.8 


0.7 


11 


ammonium nitrate 
89.4 

activated carbon 
1.6 

RDX 5.0 

diphenylamine 

4.0 


3400 


14.7 


3500 


13.8 


0.2 


12 


ammonium nitrate 
89.3 

activated carbon 
1.8 

cellulose 
acetate 8 . 0 
diphenylamine 
0.9 


0 


12.8 


0 


11.2 


0.7 


13 


ammonium nitrate 
89.3 

activated carbon 
1.8 

cellulose 
acetate 8 . 0 
resorcinol 0 . 9 


0 


12.7 


0 


10.4 


1.4 


14 


ammonium nitrate 
89.3 

carbon black 1 . 8 
cellulose 
acetate 8 . 0 
diethyldiphenyl 
urea 0.9 


0 


13.7 


0 


11.1 


1.7 


15 


ammonium nitrate 
85.0 

activated carbon 
1.3 

RDX 5.0 
cellulose 
acetate 8 . 0 
di phenyl amine 
0.7 


0 


15.7 


0 


13.0 


0.8 
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(Comparative examples 1 through 12) 

Gas generating agents having different compositions as 
shown in Tables 3 and 4 were prepared as in Example 1 for 
Comparative examples 1 through 10 and as in Example 12 for 
Comparative examples 11 and 12. Characteristics of each 
composition were evaluated as in Example 1. The results are 
shown in Tables 3 and 4 . 



Table 3 



#Comp . 
Example 


Composition 
(wt%) 


Stability before heat- 
aging test 


Stability after heat-aging test 


CO cone, in 
the 

resultant 
gas (ppm) 


Burn rate 
(mm/sec) 


CO cone, 
in the 
resultant 
gas (ppm) 


Bum rate 
(inm/sec) 


decrease 
in weight 
(%) 


1 


ammonium nitrate 
100.0 


0 


2.0 


0 


1.8 


0.3 


2. 


ammonium nitrate 
97.7 

diphenylamine 
2.3 


0 


1.9 


0 


1.9 


0.1 


3 


ammonium nitrate 
93.1 

activated carbon 
6.9 


0 


28 . 0 






decomposed 
during 
test 


4 


ammonium nitrate 
93.1 

carbon black 6 . 9 


0 


20.3 


5400 


13.2 


9.5 


5 


ammonium nitrate 
93.1 

activated carbon 
6.8 

diphenylamine 
0.1 


0 


27.2 


— 


_ 


decomposed 
during 
test 


6 


ammonium nitrate 
92.4 

activated carbon 
1.5 

diphenylamine 
6.1 


5400 


12.1 


5500 


11.6 


0.3 


7 


ammonium nitrate 
93.1 

carbon black 6.8 

diphenylamine 

0.1 


0 


20.5 


4900 


15.3 


8.8 


o 
O 


ammonium nitrate 
92.4 

carbon black 1 . 5 
diphenyl amine 
6.1 


5400 


10. 9 


5600 


10.3 


0.2 


9 


ammonium nitrate 
88.9 

activated carbon 
6.0 

RDX 5.0 

diphenylamine 

0.1 


0 


29.2 






decomposed 
during 
test 
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(Comparative examples 13 and 14) 

Gas generating agents, each of which contains phase- 
stabilized ammonium nitrate and activated carbon or carbon black 
in compositions shown in Table. 4, were prepared as in Example 1. 
The phase-stabilized ammonium nitrate was prepared by mixing 
85wt% of ammonium nitrate with 15wt% of potassium nitrate in a 
melt bath and then spraying the molten material with compressed 
air supplied from a compressor. Characteristics of each 
composition were evaluated as in Example 1. The results are 
shown in Table 4 . 



Table 4 



#Comp . 
Example 


Composition 
(wt%) 


Stability before heat- 
aging test 


Stability after heat-aging test 


CO cone, in 
the 

resultant 
gas (ppm) 


Burn rate 
(mm/sec) 


CO cone, 
in the 
resultant 
gas (ppm) 


Bum rate 
(mm/sec) 


decrease 
in weight 
(%) 


10 


ammonium nitrate 
87.4 

activated carbon 
1.5 

RDX 5.0 
dipheny 1 amine 
6.1 


5600 


14.7 


5800 


13.8 


0.2 


11 


ammonium nitrate 
89.3 

activated carbon 
2.6 

cellulose 
acetate 8 . 0 
diphenylamine 
0.1 


0 


13.1 


5100 


9.8 


10.2 


12 


ammonium nitrate 
85.0 

activated carbon 
1.9 

RDX 5.0 
cellulose 
acetate 8.0 
diphenyl amine 
0.1 


0 


17.0 


6000 


13.1 


9.8 


13 


reduced phase 
transition 
ammonium nitrate 
92.2 

activated carbon 
7.8 


0 


32.8 






decomposed 
during 
test 


14 


reduced phase 
transition 
ammonium nitrate 
92.2 

carbon black 7 . 8 


0 


21.8 






decomposed 
during 
test 
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The following findings have been made from the results 
shown in Tables 1 to 4 . 

As shown in Comparative example 1, while ammonium nitrate 
alone did not present any significant problem with respect to 
carbon monoxide concentration and stability over time, its burn 
rate was too low to be used as a gas generating agent, suggesting 
the necessity to add microcrystalline carbon powder for improving 
the effect of the gas generating agent. 

As can be seen in Comparative example 2, when diphenylamine 
was added to ammonium nitrate, the burn rate still remained 
excessively low while the decrease in weight was 0.1% and 
stability over time was improved. 

In Example 1, in which activated carbon and diphenylamine 
as a stabilizer was added to ammonium nitrate, the gas generating 
agent did not decompose after heat-aging test and the decrease in 
weight was 0.8%. In contrast, the gas generating agent 
decomposed during the heat-aging test in the case of Comparative 
example 3, which did not contain a stabilizer. This implies a 
significant contribution of stabilizers to stability over time. 

In Example 5 where carbon black was used as the 
microcrystalline carbon powder and a stabilizer was blended, the 
decrease in weight was 0.4%. Also, no significant increase in 
the carbon monoxide concentration was observed, nor was any 
significant decrease in the burn rate observed. In contrast, 
Comparative example 4 containing no stabilizer showed a decrease 
in weight of as much as 9.5 % after the heat-aging test, a 
significant increase in the carbon monoxide concentration, and a 
significant decrease in the burn rate. 
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When the test results of Examples 1 to 3 are compared, it 
is shown that the stabilizers have an ability to enhance the 
stability, which decreases in the order of diphenylamine, 
resorcinol, and diethyldiphenyl urea. 

In all of Examples in which the amount of the stabilizer 
was from 0.2 to 6wt% with respect to the total amount of the 
ammonium nitrate, the microcrystalline carbon powder and the 
stabilizer, the concentration of carbon monoxide in the resultant 
gas did not exceed 4 000ppm and the burn rate was appropriate. 
Also, sufficient performance was maintained after the heat-aging 
test. It is noted that, when the amount of the diphenylamine 
stabilizer deviated from the preferred range of 10 to 200wt% with 
respect to the amount of microcrystalline carbon powder (i.e., 
Examples 4, 6, 9 and 11), one or more of the performances 
including the carbon monoxide concentration in the resultant gas, 
the burn rate, and the decrease in weight decreased. 

In cases where the amount of the stabilizer was greater 
than 6wt% with respect to the total amount of ammonium nitrate, 
microcrystalline carbon powder and the stabilizer ( i . e. , 
Comparative examples 6,8 and 10), the carbon monoxide 
concentration in the resultant gas was increased to 5000ppm or 
above while no significant problem was observed in regard of the 
burn rate and stability over time. 

In cases where the amount of the stabilizer was 0.2wt% or 
less with respect to the total amount of ammonium nitrate, 
microcrystalline carbon powder and the stabilizer (i . e. , 
Comparative examples 5, 7, 9, 11 and 12), the decrease in weight 
may become exceedingly large, or the gas generating agent may 
decompose, or the carbon monoxide concentration in the resultant 
gas may become exceeding large after the heat-aging test, while 



no significant problem was observed in regard of the carbon 
monoxide concentration in the resultant gas and the burn rate 
prior to the heat-aging test . 



5 Also, it has been shown that addition of high energy 

substances may- further increase the burn rate and that addition 
of binders may enhance the mechanical properties of the molded 
products, facilitating handling of the gas generating agent. 

10 In cases where phase-stabilized ammonium nitrate was 

used(i.e., Comparative examples 13 and 14), while no significant 
© problem was observed in regard of the carbon monoxide 

fg concentration in the resultant gas and the burn rate, the gas 

|yj generating agent decomposed after the heat-aging test and the 

:5 stability over time proved to be lower than that of the typical 



ammonium nitrate. 



Us When the ammonium nitrate is the phase-stabilized ammonium 

ru 

jjjij nitrate, it is possible to prevent the alteration in the 

0 crystalline structure of ammonium nitrate due to high temperature 

and prevent the gas generating agent from crumbling. 



When the gas generating agent contains the high energy 
substance, the burn rate of the gas generating agent is increased 
25 and a larger degree of freedom is provided in designing molded 

products of the gas generating agent. This facilitates 
manufacturing of such products. 

When the gas generating product contains the binder and the 
30 plasticizer, manufacturing of the molded products of the gas 

generating agent is facilitated and the mechanical properties of 
the gas generating agent are enhanced. 
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Alternatively, the gas generating agent may be formed into 
a cylindrical body with an outer diameter of 5 to 40mm and a 
length of 5 to 40mm which has 7 or 19 substantially equally 
spaced bores extending longitudinally therethrough. The bore may 
have an inner diameter of 1 to 10mm, and the thickness from a 
surface of the cylindrical body to the bore may be 3mm or less. 
Alternatively, the gas generating agent may be formed into a 
cylindrical body with an outer diameter of 3 to 10mm and a- length 
of 2 to 10mm which has a bore extending longitudinally at the 
center thereof. The bore may have a diameter of l'to 8mm, and 
the thickness from a surface of the cylindrical body to the bore 
may be 3mm or less. This makes it possible to form the gas 
generating agent into a shape that is suitable for use in an 
airbag and can readily be loaded in a gas generator so that the 
ability as a gas generating agent for an airbag can be 
effectively exploited. 

Alternatively, the gas generating composition may be formed 
into a cylindrical body which has an outer diameter of 0.5 to 5mm 
and a length of 0.5 to 5mm and through which a bore extends 
longitudinally at the center of the cylindrical body. The bore 
may have a diameter of 0.1 to 4mm, and the thickness from a 
surface of the cylindrical body to the bore may be 1mm or less. 
This makes it possible to form the gas generating agent into a 
shape that is suitable for use in a pre-tensioner and can readily 
be loaded in a gas generator so that the ability as a gas 
generating agent for a pre-tensioner can be effectively exploited. 

An organic solvent may be added to the gas generating 
composition to make it into a block, which is then extruded into 
a desired shape by an extruder. This makes it possible to easily 
and efficiently make the gas generating agent with a desired 
shape. 



The stabilizer may be at least one selected from the group 
consisting of diphenylamine, resorcinol, and diethyldiphenyl urea. 
This ensures an excellent stability over time, in particular, the 
stability over time at elevated temperatures. 

As has been described, the gas generating composition of 
the present invention has an improved stability over time, 
especially, at elevated temperatures. It also has an appropriate 
burn rate, produces substantially no carbon dioxide, has a proper 
sensitivity and is easy to handle. Further, manufacturing of the 
gas generating composition of the present invention is less 
costly. 



